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ABSTRACT 

The secure and the activity of urinary sol^ t 
normal individuals, has bceo character** TFscherichia coli. Urinary sTNF-Rl was 

CHO cells and with thai of a nonglycosylatcd J^2^ttaL 5% * total) by reducing SDS-PAGE: 
resolved in a major band of 31-33 kD and ,n .48 ^^^^^Jt b y various anli-sTNF-Rl 
CHO sTNF-Rl was resolved in two bands of » J£ ** " "„„ C r OSS . re aclion was observed with 

antibodies as well as by TNF-a in western and ugand b W ^ays* ™ cr °* kD recombinant form as 
anti-TNF-Rl antibodies. N- and O-glycosyUtion studies jjj^^*^ 1 £ 2M1 -d 31-33 kD 
well as the 3l'-33 kD urinary form are g*^^^ ^ content; and (3) the 

recombinant and natural products axe mam \y ^^"^ urinary sTNF-Rl antfcen mixture was 
48 kD sTNF-Rl isolated from urine also contains ^^^ '^ZJyc^y^d E, coli sTNF-Rl. At 
able to Inhibit TNF-a cytotoxicity wi«h a J^^^SSw » cSntiy »an E. coli sTNF-Rl. I» 
variance, nrinary sTNF-Rl was able to mhibrt N-glycosylated form of 31-33 kD 

.elusion, two subtypes of sTNV-R 1 ^have bee* ^J^^^J^J^ of the urinary sTNF-Rl 



conclusion, two subtypes of sTNV-Rl ^have ^^^^^7^^^ of the urinary sTNF-Rl 
and a N- and O-glycosylatcd form or 48 kD that appears to be a rmno 

antigen . 

INTRODUCTION ™ F " b lhe bi0aCtWe *" ^tite"*"* " 

INTRODUCE ION f.„ rriBaerine cellular cytotoxicity 



T 



necessary for triggering cellular cytotoxicity . 

. MJ( . Two mcmbrjne receptors, designated TNFR1 and TNF-R2. 

UMO* nuCHOSK FACTOR a (TNF-a) » • ""^g^ J^^ificd and arc thought to mediate and regulate 

^ rived cytokine able to exert a wide variety of d.ffcrent m have wen . (i<) ^ ^ bin(J ^ 

^^h!L«^.Origl-llyldc^tei-«^|C S^^praswenasTNF-p.aTW-a-rela.edcyto- 

cftectsontumorcells.TNF-awasfoundla.crlobe.nvolvcd.n high ^J 1 ^^ ^ cDNA loalvsis ^ to 

the regulation of inflammatory and cellular immune response*, u . ^ ^ c||aiaaeited by di ff crenl antigenic 

as well as in the pathogenesis of various human molecular mass (55-60 and 75-80 kD. respec- 

cludins endotoxic shock, cachexia, rheumatoid arthnus. and , alion patlefos .<"-"> The extracellular dc- 

krfJUry issue distraction (sec Refs. 1-3 forrev^ws * ^SJ^fffiSTl-. i TNf-Rt and 235 residues in TNF- 

The molecular basis of the pleiotropic activity of TNF-a has ^'"^^ four cystcine . ri ch domains sharing significant 

been a matter or intensive investigation in the past lew years. , . „s.im |„ contrast, no homology occurs at 

Analysisofthcs.ructureofTNF-amthecryS.alhneforrnand.n ^ u ^~g nuiftSi 5Ugcesting lhat the .wo receptors 

so.u.L have shown that TNF-a is a tightly packed ho = - 2^J^*SdhJ^ P-h-V- Cross-linking 

eric protein'*"" thut slowly dissociates at jneomolar concenua- *™ wilh ^v*,,, anybodies specific for 

dons 00 -'" Several lines of evidence su gS e« that tnmenc of membrane KLepto v» i 



•Molecule t—o^ and BtaMfey ^-yi SgA. ff~ di Mon* v«li*. 
iDlQIT. San Rafale K Scientific Institute. 20132 MOan. Holy. 
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TNF-RI or TNF-R2 was sufficient to trigger many TNF-a 
activities, suggesting that clustering of each receptor may pro- 
vide sufficient signal for triggering TNF-a effects. For in- 
stance, antibodies against TNF-RI were able to trigger cytotox- 
icity, fibroblast proliferation, ami synthesis of prostaglandin 
in 2 TNF-a-likc manner. l " -2 * > 

Two solublc(s) TNF binding proteins corresponding to extra- 
cellular domain fragments of the membrane receptors have been 
isolated from the urine of normal subjects and of patients with 
fever or with rciul failure/ 25 **" as well as from the blood of 
cancer patients.' ;ln, Increased levels of sTNF-Rl and sTNF-R2 
have been detected in the urine of febrile patients and in the sera 
of patients with renal failure, bums.' 31 * solid tumors/ 53 * rheu- 
matoid arthritis, lUl and meningococcaemia,'**' as well as in 
uremic and long-term hemodialysis patients. 051 These proteins 
are thought to regulate the bioavailability of active TNF-a 
through inhibition of binding to membrane receptors or, in the 
opposite way. by stabilizing the TNF-a quaternary structure of 
bionciWe trimcrs. fJ6) 

To understand better the function of membrane and soluble 
TNF receptors in mediating the pleiotropic TNF-a and TNF-p 
activities, further characterization of receptor structures is nec- 
essary. To this aim. we have characterized the structure of the 
urinary sTNP • R 1 antigen and compared it with that of a soluble 
form of the TNF-Rt produced by recombinant DNA tech- 
niques. We show that at least two subtypes of sTNF-Rl can be 
isolated from the urine of normal individuals: a N-glycosylatcd 
31-33 kD form, similar in size to the previously described 
sTNF-Rl/ 2 *- J01 and a N- and O-glycosyiated form Of 43 kD. 
both functionally able to hind TNF-a. 



MATERIALS AND METHODS 

Materials and cell lines 

Human recombinant TNF-a, expressed in yeast, was from 
Esquire Chcmic AG (Zurich. Switzerland); rabbit anti-TNF-a 
antiserum and rat amihuman TNF-R2 (p7S). neuraminidase 
(E.C 3.2.1.18). and O-glycanase (E.C. 3.2.1.97) were from 
Genzymc Corporation (Boston. MA). Recombinant sTNF-Rl 
and sTNF-R2 (expressed in Escherichia coli) were from R&D 
Systems (UK). Rabbit amihuman sTNF-Rl was a generous gift 
from Dr. M. Una (University of Lund, Sweden). sTNF-R (60 
kD) enzyme-linked immunosorbent assay (ELiSA) kit was 
from Bender McdSyslem (Vienna, Austria), The 96-weII poly- 
vinyl chloride microliter plates (Falcon MicroTcst III flexible 
assay plates) were obtained from Bccton Dickinson and Co. 
(Oxnard, CA). Bovine serum albumin (BSA. Cohn fraction V), 
normal goat serum (NCS). polyoxyethylene sorbitan monolau- 
rcatc (Tween 20). goat antirabbit IgG peroxidase (GAR-HRP), 
goat antimouse fgG (GAM), goat antimouse IgG-HRP (GAM- 
HRP), and goat antimouse IgG biotin (GAM-B) were from 
Sigma Chemical Co. (St. Louis, MO). Strcptavidin-alkaline 
phosphatase conjugate (STV-AP) was from Calbiochem (San 
Diego, CA). Strcptavidin-pcroxidasc (STV-HRP) was from 
lansscn Biochirnica (Becrse. Belgium). DIG glycan detection 
kit. 2.2'-azinodi-(3-ethylbenzthiazoline sulfonate) (ABTS) 
chromogenic solution, and peptide -Af-glycosiUasc F (EC. 
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3.2.2. IS) were from Boehringcr Mannheim Italia SpA (Milan, A* 
Italy). 3(4.5-DirncihyUhiazolyl-2-ylh2.5-dipnenyhctrazolium 
bromide was from Calbiochem (San Diego, CA). Cell culture •> 
reagents, media, and fetal calf serum (FCS) were from GIBCO £ 
(Gaithersburg. MD). Murine L-M cells (American Type Cul~ • 
tu re Col lection CL12) were cultured in Eagle's minimum essen- 
tial medium. 5% FCS. and 2 mM glutaminc and maintained at 
37°C and 5% CO*. All other reagents were analytic-grade prod- 
ucts from Carlo Erba (Milan. Italy). 

Preparation of anti-sTNF-Rl moiwclonal antibodies 
(MAbs) 

MAbs 7H3 (IgG,). 4E10 (IgG,). and 9B 1 1 (IgG^). specific 
for sTNF-Rl, were prepared as described 1371 and purified from 
cell culture media by precipitation with ammonium sulfate 
{SO% saturarioo), followed by affinity chromatography on a 
protein A-agarosc column (2.5 * 3 cm), equilibrated with 3 M 
sodium chloride and 1 .5 M glycine. pH 8.9, and elutcd with 0. 1 
M sodium citrate, pH 5 .0. The final products were >90% pure 
as estimated by sodium dodccyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE). 

sTNF-Rl EUSA 

Detection of sTNF-Rl in urine, urinary extracts, and cell 
culture medium was carried out as follows: polyvinyl chloride 
microliter plates were coated with MAb 7H3 by incubating 
overnight at 4°C with 10 p-g/ml of 7H3 solution in 0.15 M 
sodium chloride and 0.05 sodium phosphate buffer. pH 7.3 
(PBS; 100 u-l/wcll). All subsequent steps were carried out at 
room temperature. After washing three times with PBS contain- 
ing 0.05% vol/vol Tween 20 (PBS-T). the plates were blocked 
by incubating with PBS containing 0.5% BSA and 0.05% 
Tween 20 (blocking buffer) (200 u.l/well. 2 h) and washed 
a\:ain with PBS-T. Then, sTNF-Rl standard solutions (made up 
with sTNF-R I purified from urine according to method A and 
quantified using the sTNF-R [60 kD] ELISA kit from Bender 
McdSystem) or samples diluted with PBS containing 50% FCS 
were mixed 2: 1 with biotinylated MAb 9B 1 1 ( 1 :400 in blocking 
buffer, final concentration 330 ng/ml) and prcinoibated for I h. 
Then, 150 u.1 of each mixture was added to different wells and 
further incubated 2 h under gentle mixing with a plate vortex. 
The plates were washed eight times by emptying and tilling 
with PBS-T and further incubated for 1 h with STV-HRP solu- 
tion (1:10.000 in blocking buffer, 100 u.1/ we II). After a final 
wash wim PBS-T. each well was incubated for 30 minutes with 
200 fi-l ABTS chromogenic solution and the absorbanccs at 405 
nm were measured. 

Cloning and expression of recombinant sTNF-Rl in 
CHO cells 

The cDNA corresponding to the extracellular domain of 
TNF-RI was amplified by polymerase chain reaction from 
U937 cell total mRNA as a 603 base pair fragment, starting 
from the first ATG codon. as described.'" 1 The cDNA was 
cloned into the expression vector pCDNAINeo (Invilrogcn) and 
transfected in CHO cells. Among several clones selected in 
Ham's F12. 5% FCS. \% glutaminc, 100 IU penicillin, 100 
u,g/ml of streptomycin, and 0.6 mg/ml of G4 1 8. one clone was 
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chosen for us productivity and maintained in the absence of 
G4IS without loss of pnxJuctiviry. Conditioned medium, col- 
lected from transformed cells at 4-5 day intervals, contained 
20-30 ng/ml of sTNF-Rl by sTNF-Rl ELISA. 

Purification of urinary and recombinant (CHO) 
sTNF-Rl 

sTNF-Rl was purified from urine using two methods, the 
first based on affinity chromatography on TNF-a-ugarosc 
(method A) and the second based on affinity chromatography 
on a MAb 7113-agarose column (method B). TNF-a- and 7H3- 
agarosc columns (1X3 cm) were prepared by coupling TNF-a 
(2 mg) and 71 13 (10 mg> to activated CH-Sephnrose (Pharma- 
cia, xcordiny to the manufacturer's instructions (coupling ef- 
ficiency >90%). 

Merited A; A crude extract of urinary pruteins (1.6 lira: 
kindly supplied by AUevamcnto S. Fiorano, Burago, Italy), 
corresponding to ohout 160 liters urine, was dialyzcd overnight 
against PBS and concentrated to 520 ml by ultrafiltration 
through a polys til forte membrane (PTGC-1 0.000 NMWL, Mtf- 
linore) using a Minitan apparatus (Millipore). The product was 
loaded onto the TNF-u-agarosc column (flow rate, 40 ml/h) and 
washed with PBS until the absorbancc of the effluent reached 
the baseline. The column was then elutcd wirh 0.2 M glycine 
buffer, pll 3.5. Peak fraciions were collected, pooled, and 
further purified by revcrsed-phasc high-performance liquid 
chromatography (HPLC) on a Pro-RPC HR5/10 column (Phar- 
macia) using the following conditions: buffer A. 0.19b triflu- 
oracetic acid in water, buffer B. 0,1% trifluoracetic acid in 
acctonitrile, 0% B for 20 minutes; linear gradient 0-70% B in 
50 minutes; 100% B for 20 minutes: flow rate, 0.3 ml/h. Peak 
fractions were pooled and vacuum dried. The product was dis- 
solved with 100 til distilled water and kept a! -20*0 as a stock 
solution for further studies. The content of sTNF-Rl antigen in 
the final product was quantified using a commercially available 
ELISA kit (Bender). 

Method 8: sTNF-Rl was purified from urinary extracts or 
from recombinant CHO cell supenutants essentially using the 
same conditions described for method A except that a 7H3- 
agarose column, instead of the TNF*o>agarose column, was 
used. In this case sTNF-Rl was desorbed from the column 
using 0.2 M glycine, pH 2.8. 

SDS-PAGE and western and ligand blot analysis 

SDS-PAGE was carried out under reducing and nonreducing 
conditions on Phast-Gels gradient 8-25 or 10-15 gels using a 
Phast-Sysiem (Pharmacia) according W the manufacturer's in- 
structions. 

Etcctrophorctic transfer of proteins to 0.45 jun nitrocellulose 
membranes (BioRad) was earned out using the Phast-Transfer 
semidry transfer kit (Pharmacia) in 15 minutes at 15"C, using 
25 mM Tris and 192 mM glycine. pH 8.3, containing 20% 
methanol as transfer buffer and 25 rnA/gcl, according to the 
manufacturer s instructions. 

Western blot analysis with mouse monoclonal antibodies was 
carried out as follows: membranes were washed for 5 minutes 
with 100 mM Tris-HCl and 150 mM sodium chloride. pH 7.5 



(TBS), and blocked with freshly prepared TBS containing 0.5% 
blocking reagent (Boehringer, TBS-BR; 1 h at room tempera- 
ture), After a rapid wash (t minute) with TBS, membranes were 
immersed in 2 u,g/ml of anti-TNF-Rl antibody solutions in 
TBS-BR containing 3% NGS and 0. 1% BSA (TBS-BRNB) and 
left to incubate under gentle mixing for 1 h. Membranes were 
then washed three times (10 minutes each) with TBS-BRNB, 
further incubated for I b with a GAM-B solution (1:400 in 
TBS-BRNB). and washed again. The membranes were then 
immersed in a STV-AP solution (1:500) in TBS-BRNB for 1 h 
and washed three times as before and once ( 10 minutes) with 
100 mM Tris-HCl. 100 mM sodium chloride; and 50 mM 
magnesium chloride. pH 9 5. Bound alkaline phosphatase was 
delected by immersing the fnesrtbranc in a bromochloroindolyl 
phosphate and nitrobluc tctrazoliumchromogenic solution pre- 
pared as described. (>< " 

Western blot analysis with ami-sTNP-R I rabbit polyclonal 
antiserum was carried out in a similar way using GAR-HRP as 
detecting reagent. 

Ligand blot onlays is of blotted membranes was carried our 
essentially as described for the western blot analysis except that 
TNF-a (2 u.g/ml. 1 h). rabbit anti-TNF-a antiserum (1:500, 30 
minutes), GARB (1:500. 30 minutes), and STV-AP (1:500, 30 
minutes) in TBS-BRNB were used as detecting reagents. 

Detection of carbohydrates on blotted membranes were car- 
ried out using the DIG glycan detection kit according to the 
manufacturer's instruction. This method is based on reaction of 
oxidized sugars with digoxigenin-hydrazide followed by detec- 
tion, on nitrocellulose filters, with lDcaline phosphaiase-antt- 
digoxigenin antibody conjugate. . . 



RESULTS 

Preparation of urinary and recombinant (CHO) 
sTNF-Rl 

Natural sTNF-Rl was purified from urinary extracts using 
two different methods relying on affinity chromatography On 
TNF-o-agarose (method A) and on MAb 7H3-agarose (method 
B). The final products were subjected to reversed-phasc HPLC 
and dried. As shown in Fig. 1, the materials eluted from the 
TNF-a- and 7H3-agarose columns were characterized by differ- 
ent compositions; in particular, three main peaks were observed 
with the product purified by TNF-et-agarose chromatography 
(peaks a), whereas a single peak was observed with the product 
purified by 7H3-agaro5e criromatograpby (peak b). Measure- 
ment of the TNF-a neutralizing activity of peak fractions, using 
the cytolytic assay on L-M cells, showed that the first and the 
second peaks of a as well as the single peak of b contained 
TNF-a inhibitors; the third peak was inactive. Moreover, only 
the first peak of both chrornatograms was found to contain 
immunorcacttve sTNF-Rl by ELISA, suggesting thai the sec- 
ond peak is related to another TNF-a inhibitor, possibly the 
sTNF-R2. ( - 7> Because traces of bioactivc TNF-a were found in 
the product purified by affinity chromatography on TNF-a- 
agarose columns, sTNF-Rl prepared by method A was only 
used is antigen for the preparation of all monoclonal antibodies 
used throughout* this work and for sTNF-Rl EUSA standard- 
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FIG 1. Reversed-phase HPLC of urinary sTNF-Rl. Urinary 
sTNF-Rl purified by affinity chromatography on TNF-a-ag ar- 
ose (9) and on 7H3-agarosc (b; see Results). 



izaiion. AH subsequent characterization studies were carried out 
with natural and recombinant sTNF-Rl purified by method B. 
Using this method, about 50 u,g sTNF-Rl was recovered from 
160 liters urine. A similar amount of recombinant sTNF-Rl 
was purified from 2.2 liters CHO cell supernatant* transfccied 
with the cDNA coding for ihe extracellular domain of TNF-R 1 . 

Characterization of urinary and recombinant sTNf-RJ 
molecular weights 

The molecular weights of urinary and CHO sTNF-Rl were 
characterized by SDS-PAGE and western bloc analysis. To this 
purpose, monoclonal antibodies against distinct epitopes lo- 
cated within (MAb 7H3) and outside (MAb 4E10 and 9B 1 1) the 
TNF-a binding site of sTNF-Rl and abo able to recognize 
membrane-bound TNF-R1° 7) and rabbit polyclonal antibodies 
were used. 

Reducing SDS-PAGE of urinary sTNF-Rl (purified by 
method D) revealed a major diffused band of 3 1-33 kD and a 
minor 48 kD band (less than 5% of total; fig. 2, upper panel, 
lane u). In conlraM, only two 29-31 kD bands were observed 
with CHO sTNF-Rl (lane r). All these bands were irtuminore- 
active with rabbit anii-sTNF-Rl antiserum by western blot anal- 
ysis (lower panel, left). Similar bands, although more diffused, 
were observed under nonrcducing conditions by SDS-PAGE as 
well as by western blotting with rabbit polyclonal antiserum or 
with MAb 7113 (lower panel, right), MAb 4E10. and MAb 
9BU (not shown). In litis case, however, additional bands of 
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FIG- 2. SDS-PAGE and western blot analysis of urinary and 
recombinant sTNF-Rl. Lanes u, urinary sTNF-Rl; lanes r. 
recombinant sTNF-Rl. SDS-PAGE was carried out under re- 
ducing (+pME, B-mercapioethanol) and nonrcducing 
(-PME) conditions. Western blot analysis (lower panels) was 
carried out with rabbit anri-sTNF-RI polyclonal antibodies (A) 
and MAb 7H3 (B). Molecular markers were rabbit muscle 
phosphorylase b (97.4 kD), BSA (66.2 kD), ben egg white 
ovalbumin (45 kD), bovine carbonic anhydrase (31 kD), and 
soybean trypsin inhibitor (21.5 kD). 



approximately 60, 90, and 120 kD were observed with urinary 
sTNf-Rl. No bands were observed when anti-sTNF-R2 or ir- 
relevant antibodies were used as negative controls or when the 
molecular marker mixture was blotted in place of sTNF-Rl (not 
shown). These results indicate that all bands observed are im- 
munologically related to sTNF-Rl. 

Several bands > 60 kD corresponding to multiples of the 
29-3 1 kD band were also observed in some cases by western 
and Iigand blot analysis of urinary and CHO sTNF-Rl. depend- 
ing on the way the sample was prepared before analysis. For 
instance, the results of a ligand blot of boiled and nonboilcd 
recombinani and urinary sTNF-Rl under nonrcducing condi- 
tions using TNF-a as probe are reported in Fig. 3. As shown, a 
ladder" of bands corresponding to multiples of the 29-31 kD 
ban can be observed after boiling samples (4-5 for 3-5 
minutes before analysis, but only the 29-31 kD doublet was 
observed when the sample was not boiled. Similar result* were 
obtained with boiled and nonboilcd urinary sTNF-Rl , although 
in this case an additional 48 kD band was observed in both 
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FIG 3. Ligand bloc of recombinant and urinary sTNF-Rl 
wuh TNFa. Lanes u, urinary sTNF-Rl; lanes r, recombinant 
sTNF-R 1 . Samples (4 in 100 mM Tris, 20 mM E0TA, and 
5% SDS (wi/vol) were boiled (+) or not (~) and analyzed by 
SDS-PAGE under nonrcducing conditions, bgand bloUing was 
carried out as described in Materials and Methods. 
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cases Of note, upon boiling the 29-31 KD bands (recombinant 
sTNF-Rl) as well as the 31-33 and 48 kD bands (urinary 
iTNF-R I ) decreased, bui the >60 kD bands increased. When 
TNF-a was omiited or when an irrelevant rabbit antiserum was 
used in the delecting steps, instead of the anri-TNF-a antise- 
rum, no staining was observed, suggesting thai the staining was 
specific (not shown). We conclude, therefore, that the >60 kD 
bands in these gels arc probably aggregates formed upon boil- 
ing. . 

The capability of the 31-33 and 48 kD proteins to bind 
TNF-a in ligand blotting experiments suggests that both bands 
correspond to TNF-a binding proteins- This hypothesis is 
strengthened by the fact that the 31-33 and 48 kD bands were 
also observed by SDS-PAGE analysis of urinary sTNF-Rl pu- 
rified by method A (first peak in Fig. 1). including an affinity 
chromaiography step on TNF-a-agarose. 

In conclusion, the results of SDS-PAGE and western and 
ligand blot experiments suggest that urine contains 31-33 and 
48 kD products that are immunologically related to TNF-R1 
and arc functionally able to bind TNF-a. 

Characterization ofsTNF-Rl glycosytoion 

To characterize better the urinary and CHO sTNF-Rl struc- 
tures, me N- and O-linked sugar content of both products were 
analyzed. To this aim, both products were fust treated with 
peptide^-glycosidase and analyzed by reducing SDS-PAGE 
and western blotting with rabbit anti-sTNF-Rl antiserum- SDS- 
PAGE of N-deglycosylatcd products revealed identical 21 kD 
bands in both recombinant sTNF-Rl and urinary sTNF-Rl 
(Fig. 4 A). However, an additional band of 36 kD was observed 
in the urinary product. This band was recognized by rabbit 
anti^sTNF-Rl antiserum in a western blot (Fig. 4, right), con- 
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FIG 4 Reducing SDS-PAGE and western blot analysis of 
urinary and recombinant sTNFRl after enzymatic treatment 
with peptide -tf-glycosidasc F (A) SDS-PAGE: (B) western 
blot analysis with rabbit anti-TNF-Rl polyclonal anybodies; 
lanes u urinary sTNF-Rl; lanes r, recombinant sTNF-Rl; lane 
f pcptide-A/'glycosidase F alone, 1 u.g/ml; lane m, molecular 
weight markers (see Fig. 2). Urinary or recombinant sTNF-Rl , 
100 afi/ml. in 0.5% wi/vot SDS, 1% p-mcrcaptoethanol. t mM 
phenylriieihanesulfonylfluoride (PMSF). and 10 mM EDTA 
was treated for 2 minutes at 95*C Each product was then 
diluted 2.5-fold with PflS containing 1% Nonidet P-40 (NP40) 
and mixed with pentide^-glycosidase F (PNGase F, specific 
activity 25,000 unus/mg, final concentration I or 0.1 u-grtnl as 
indicated at the bottom of the figure). Mixtures were then incu- 
bated 20 h at 37°C (lower panels) or for various times (upper 
panel) as indicated. The enzymatic reaction was stopped by 
boiling in reducing SDS-PAGE sample buffer. 



firming that is related to sTNF-Rl and was present even when 
10-fold more peptideWV-glycosidase F was used, suggesting 
that N dcglycosylation was complete. 

Tbc carbohydrate content of each product after N dcglycosy- 
Ution was analyzed using a ajrnmercially available glycan de- 
tection kit (Boheringcr Mannheim). As shown in Fig. 5, sugars 
were detectable in the 36 kD product but not in the 12 kD 

product. . 

The results of N deglycosylation studies, altogether, indicate 
that (1) the 29-31 kD recombinant as well as the 31-33 kD 
urinary forms are N-glycosyiatcd; (2) the differences between 
the 29-31 and 31-33 kD recombinant and natural products are 
mainly related to differences in the N-linked sugar content; and 
(3) the 48 kD sTNF-Rl isolated from urine contain N-Iinked 
sugars as well as other sugars attached to sites different from 

asparagine. _ . 

O dcglycosylation studies were then undertaken. Because it 
vi known that removal of sialic acid with neuranuntdasc may 
favor deglycosylation with O-glycanase. a mixture of these 
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FIG. 5. Csrbohydnte analysis of urinary *WF-RlW*e f 
and untreated with pqitidcW-glycosidase F. Urinary f™™. 
treated (lane a) and untreated Qane b) with pcptidc-rV-^ycosi- 
£L F. was nin by reducing SDS-PAGE and blooed on a 
nitrocellulose filter. Enzymatic treatment was earned out as 
described in Ftg. 4. Detection of carbohydrates was earned out 
using the digoxigenin-hydrazide method. 
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HG. 6. Molecular weight and carbohydrate analysis of un- 
nary sTNF-Rl treated Of uncreated with newarmmdase and 
0-glycanase. (A) Reducing SDS-PAGE after titer staining; 
(B) staining with the difioxigenin-hydrizide method ^blot- 
ting on nitrocellulose: filters. Lane a, molccuUr weight markers 
fsee Fie 2); lane b, control with neuraminidase and 0-g)yca- 
nasc alone; lane c, untreated urinary sTOF-Rl; kmc d. urmary 
sTNF-Rl treated with neunrninidasc; lane e, urinary siw-tu 
treated with neuraminidase and 0-g\yc^n^^^^ 
mems were carried out as follows: urinary sTNF-Rl. 100 u^/ 
ml, in 15 mM sodium phosphate buffer. P H 1.5. c«U6 
0. 1% wt/vol SDS. 0-5% p-n*rcaptoethanol. o 
m mM EDTA was treated for 5 minutes at 95°C The product 
was then mixed with NP40 (1* vol/vol final concentnuon). 
vortexed for 1 minute, and mixed with neuraminklxsc (specific 
50 U/mg; final cocctntrotion, 1.5 U/ml) or dualled 
water After I h incubation at 37*C. the products were mixed 
with f>clycanase (final concentration, 100 mU/ml) or distilled 
water and further incubated 20 hat 37X. The enzymatic reac- 
tion was stopped by boiling in reducing SDS-PAGE sample 
buffer. 



enzymes was used to verify the presence of O-linked sugars on 

urinary sTNF-R I. , . . 

Figure 6 shows the results of SDS-PAGE after silver staining 
(Fig. 6A) and specific staining of carbohydrates of blotted gel 
(Fig. 6B) before and after treatment with the enzyme mixture or 
with r*uramiiiidase alone. As shown, the enzymatic treatment 
bad no effects on the 3 1-33 kD form, confirming the absence of 
O-linkcd sugars in this form. At variance, a marked decrease of 
molecular mass of the 48 kD form, to about 3 1-36 kD (lane e). 
occurred after treatment with the enzyme raixrurc, strongly 
suggesting the presence of O-linked sugars in this form. A 
decrease in molecular mass and carbohydrate staining was also 
observed after treatment with rieuraxninidasc alone (lane d), 
suggesting diat sialic acid is present in the 43 kD form. Of note, 
although the 48 kD band is probably less than 5% of the total 
material loaded on gel. by silver staining, this band was more 
efficiently stained than the 31-33 kD band by the digoxigcmn. 
hydraride method (Fig, 6, lanes c). This probably reflect the 
different composition and high sugar content ui the 48 fcU 

glycoform. , Afl 

Removal of N- and O-glycosidic carbohydrates from in* 4* 
kD form was also attempted by adding peptide W-glycc*tdase F 
to the iieurarninidasc and 0-glycanase reaction mature. How- 
ever, this treatment produced a diffused band from 21 to 33 kD 



dut was very difficult to interpret (not shown). It is possible 
ihat the reaction buffer was not optimal for all enzymes and that 
partial N- and O^glycosylation leading to multiple forms was 
achieved - 

TNF-a and 77VF-P neutralizing activity of natural and 
recombinant sTNF-Rl 

To investigate whether differential glycosylate of soluble 
receptors could affect the relative binding of TNF-a and 
TNF-B, the cytotoxicity inhibitory properties of the urinary 
sTNF Rl (31-33 and 48 kD). CHO sTNF-Rl (29-33 kD) and 
W at of a nonglycosylated recombinant sTNF-Rl produced in £. 
coli (20 kD) were compared. The concentrations of oil products 
were first measured by F-USA. Then, the cytotoxic activity of 
500 pg/ml TNF-a and 200 pg/ml TNF-0 solutions was mea- 
sured in the presence of various amounts of each product. The 
measured bioactive TNF-a and TNF-p concentrations arc 
shown in Fig. 7. and the sTKf-Rl concentrations sufficient to 
give 50* inhibition (IC**) reported in Table 1. As shown, 
urinary sTNf-RI. CHO sTNF-Rl, and E. coli sTNF-Rl can 
antagonize TNF-a cytotoxicity with a similar potency, suggest- 
ing that glycosylation does not affect TNF-a inhibition. The 
picture changed with TW-0 - In this case, the urinary sTNF-Rl 
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wm sevenfold more potent than the E. coti sTNF-Rl. suggest- 
ing thai glycosylation could play a role in TNF-P recognition. 



DISCUSSION 

In this work we have compared the structure of natural and 
recombinant sTNF-Rl. Natural sTNF-Rl was isolated from the 
urine of normal subjects, whereas the recombinant form was 
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purified from CHO cells transfected wiih a cDNA fragment 
coding for the extracellular domain of TNF-R I. engineered 10 
terminate wiih lle-Glu-Asn as in urinary sTNF-RI. ,w Tnc 
activity of both products was also compared with that of a 
commercial recombinant sTNF-Rl expressed in £. coti. 

The urinary and CHO sTNF-Rl were found to be immuno- 
logically closely related and functionally active when analyzed 
by ELISA with various monoclonal antibodies and by a TNF-a 
cytotoxicity neutralization assay. However, when the purified 
products were analyzed by SDS-PAGE. western blotting, and 
ligand blotting with TNF-a, several differences in the apparent 
molecular weights were observed. In particular, analysis under 
reducing conditions of the urinary sTNF-Rl revealed a major 
dilTuscd 3 1-33 VD band and a minor 48 kD band (the latter less 
than 5% of total), whereas only a 29-31 kD doublet was ob- 
served with recombinant sTNF-R 1 . 

Several other bands, corresponding to multimers of the natu- 
ral and recombinant forms, were also observed. Because we 
found that the number and the intensity of these bands were 
variable and dependent on the mode in which the samples were 
prepared, it is likely that these bands arc related to aggregates. 
In particular, we found that the relative proportion of these 
bands increased in the absence of 0-rncrcaptocthanol in the 
sample buffer and after boiling for a few minutes. Moreover, 
we observed an increase in these bands, even under reducing 
conditions, upon prolonged storage of the purified products, 
suggesting that these bands reflect irreversible denaturaiion 
and aggregation. 

Previous studies on TNF-a binding proteins isolated from the 
urine of normal subjects and patients showed that the molecular 



FIG. 7. Inhibition of TNF-a and TNF-0 cytotoxicity (L-M 
cells) by urinary sTNF-Rl (A), recombinant sTNF-Rl ex- 
pressed in CHO ceils (B), and recombinant sTNF-Rl expressed 
in £. coti (C). Mouse L-M cells (ATCC CCL1 .2) were cultured 
in minimum essential medium withEarle's salts (GIBCO), 5% 
FCS. and 2 mM glutaminc (MEM-FCS) at 37°C, 5% CO^ 
sTNF-Rl was incubated at various concentrations in the pres- 
ence or absence of 500 pg/ml of TNF-a or 200 pg/ml of TNF-p. 
for 1 h at 37°C in MEM-FCS. Each mixture (50 uJ) and actino- 
mycin D (50 u,I, 8 u.g/ml) were then added in triplicate to L-M 
cells that had been seeded the day before at 30,000 cells/well in 
96-well flut-bottomed plates in MEM-FCS. After overnight 
incubation at 37*C, live cells were stained with MTT (final 
concentration, 450 u.g/ml) for 4 h. Supcmatams were then 
aspirated, dimethylsulfoxide was added (200 fil/well), and the 
optical density of each well was read at 595 nm. Calibration 
curves for TNF-a and TNF-p cytotoxicity were prepared by 
testing, in parallel, six solutions of TNF-a or TNF-jJ alone at 
concentrations ranging from 0.031 to I ng/ml and by plotting 
absorbancc values versus concentration. Bioactivc TNF-a and 
TNF-3 in the mixtures were calculated by interpolating the 
absorbancc values obtained with each of the mixtures on the 
relevant calibration curve, Each point represents the mean ± 
SD (standard deviation) of three separate experiments. The 
curves were drawn using the ALLFTT program/ -01 assuming 
that the minimum bioactivc TNF is identical for all curves. 
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